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1
METHODS AND SYSTEMS FOR IMPROVING
LIGHT LOAD EFFICIENCY FOR POWER
STAGES OF MULTI-PHASE VOLTAGE
REGULATOR CIRCUITS

This application claims the benefit of U.S. Provisional
Patent Application Ser. No. 62/014,460, filed on Jun. 19,2014
and entitled “Methods And Systems For Improving Light
Load Efficiency For Power Stages Of Multi-Phase Voltage
Regulator Circuits”, which is incorporated herein by refer-
ence in its entirety for all purposes.

The present application is related in subject matter to con-
currently filed patent application Ser. No. 14/470,217 entitled
“METHODS AND SYSTEMS FOR CALIBRATION OF
VOLTAGE REGULATOR SYSTEMS WITH MULTIPLE
TYPES OF POWER STAGES” by Luo et al., and to concur-
rently filed patent application Ser. No. 14/470,455 entitled
“METHODS AND SYSTEMS FOR IMPLEMENTING
ADAPTIVE FET DRIVE VOLTAGE OPTIMIZATION FOR
POWER STAGES OF MULTI-PHASE VOLTAGE REGU-
LATOR CIRCUITS” by Luo et al. which is incorporated
herein by reference in its entirety.

FIELD OF THE INVENTION

This application relates to information handling systems,
and more particularly to power stages for multi-phase voltage
regulator (VR) circuitry.

BACKGROUND OF THE INVENTION

As the value and use of information continues to increase,
individuals and businesses seek additional ways to process
and store information. One option available to users is infor-
mation handling systems. An information handling system
generally processes, compiles, stores, and/or communicates
information or data for business, personal, or other purposes
thereby allowing users to take advantage of the value of the
information. Because technology and information handling
needs and requirements vary between different users or appli-
cations, information handling systems may also vary regard-
ing what information is handled, how the information is
handled, how much information is processed, stored, or com-
municated, and how quickly and efficiently the information
may be processed, stored, or communicated. The variations in
information handling systems allow for information handling
systems to be general or configured for a specific user or
specific use such as financial transaction processing, airline
reservations, enterprise data storage, or global communica-
tions. In addition, information handling systems may include
a variety of hardware and software components that may be
configured to process, store, and communicate information
and may include one or more computer systems, data storage
systems, and networking systems.

High current information handling system loads, such as
for CPU’s and memory, typically require multi-phase voltage
regulators (VR’s). An integrated power stage (IPstage) of
each VR phase is an integrated circuit that is usually com-
posed of a MOSFET (metal oxide semiconductor field effect
transistor) driver, ahigh-side MOSFET, and a low-side MOS-
FET. FIG. 2 illustrates a block diagram of a conventional
smart [Pstage 250. [Pstage 250 includes modules that con-
sume power when a VR system is lightly or very lightly
loaded. These modules include driver logic module 252, high
frequency current sense/calibration module 254, and half-
bridge power MOSFETs module 256 (including high side
and low side FETs). In addition to an IPstage, a VR phase also
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usually includes an inductor with all the phase inductors
being tied together at their output. One example of a multi-
phase VR architecture may be found in U.S. Pat. No. 7,999,
520.

Servers are a type of information handling system that is
requiring ever increasing accuracy for power telemetry data
to be used in system level power and thermal management
algorithms. Modern design of servers and other types of infor-
mation handling systems requires accurate load current
reporting in real-time manner as well as good light load power
efficiency. Current sense accuracy directly impacts system
performance, power saving and reliability. Inductor direct
current resistance (DCR) sense has been widely used in
power industry for many years. One possible approach on
improving accuracy is to use integrated smart power stage
(SPS or IPstage) with RDS(on) current-sensing and calibra-
tion. Smart [Pstages and other changes in multi-phase VR
system designs to meet changing requirements for current
sense accuracy bring complexity to the power stage and thus
induce higher quiescent current demand in IPstage module.

SUMMARY OF THE INVENTION

Disclosed herein are methods and systems that may be
employed to improve efficiency of smart [Pstages of multi-
phase VR systems while operating under relatively light,
ultra-light, or partial or reduced loads. In one exemplary
embodiment, the disclosed methods and systems may be
implemented to improve VR system light load efficiency by
providing and enabling reduced power IPstage operating
modes in one or more smart [Pstage/s of the VR system, and
by enabling state transition between I[Pstage active and
reduced power operating modes. Examples of such reduced
power [Pstage operating modes include, but are not limited to,
IPstage standby and/or IPstage hibernate modes. Such
reduced power IPstage operating modes may be particularly
useful for smart IPstages that include features (e.g., such as
integrated or embedded current-sense with larger sense sig-
nal, higher power density/efficiency, and/or calibration fea-
tures) which serve to increase VR system efficiency during
active [Pstage and VR system operating modes, but which
require high current amplifier bandwidth and consume more
quiescent current (e.g., about 15 mA) per phase when the
system operates in information handling system standby
modes such as Advanced Configuration and Power Interface
(ACPI) modes S3, S4 and S5. This additional power con-
sumption during system standby modes translates to extra
current draw and extra power loss (e.g., in total of about 1500
mWatts) for a main-stream server.

In one embodiment, an IPstage standby mode may be
implemented in a case where at least a portion of the multiple
IPstage phases of a VR system are in an inactive status for a
relatively long period of time such as in cases of a light load
operation condition or a low microprocessor power state (e.g.,
PS1, PS2) mode. In such an embodiment, a standby mode
may be implemented for a given IPstage after the given
IPstage has been inactive for a period of time that meets or
exceeds a pre-defined standby time threshold. In one exem-
plary embodiment, an [Pstage standby mode may be tempo-
rarily enabled as one reduced power mode step beyond the
phase shedding control in which only power MOSFETs are
turned off. In this regard, power savings in an [Pstage standby
mode may be accomplished, for example, by shutting off the
current sensing circuit and/or calibration related sub-circuitry
while still maintaining FET driver logic circuitry in active
condition so that it is ready to respond quickly to pulse width
modulation (PWM) signal/s for VR switching.
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In another embodiment, an [Pstage hibernation mode may
be implemented in a case where at least a portion of the
multiple IPstage phases of'a VR system are never used unless
the system is re-configured, re-initialized, and/or re-started.
For example, when supporting a 65 watt central processing
unit (CPU) with a six-phase VR system that is capable of
supporting a maximum CPU load of twice this amount (130
watts), three [Pstage phases of the six-phase VR system may
be permanently disabled until and if a larger CPU is installed.
Using the disclosed methods and systems, power loss to
unused phases may be further reduced by implementing an
IPstage hibernate mode for the specific phase [Pstage/s which
are not needed for optimal VR configuration. Example sce-
narios for triggering such an IPstage hibernate mode include,
but are not limited to, light or overdesigned VR system con-
figuration, ultra-low microprocessor power state (e.g., PS3,
PS4) and/or system operation status (e.g., ACPI S3, S4, S5).
Power saving in [Pstage hibernate mode may be achieved in
one embodiment by turning off all logical and FET driving
circuits while keeping only enable logic active.

In one respect, disclosed herein is a system including: at
least one integrated power stage (IPstage) including an
IPstage processing device, power-consuming circuitry, and a
power output. The power output of the [Pstage may be con-
figured to be coupled to a bootstrap capacitor; and the [Pstage
may be configured to be coupled to receive signals from a
separate processing device configured as a voltage regulator
(VR) controller that command the [Pstage to selectively pro-
vide or not provide power to the power output of the IPstage.
The IPstage processing device may be configured to: monitor
voltage on the bootstrap capacitor while the IPstage is com-
manded by a coupled VR controller to not provide power to
the power output of the IP stage, enter an [Pstage stand-by
mode by turning off at least a first portion of the power-
consuming circuitry of the IPstage when the monitored volt-
age of a coupled bootstrap capacitor becomes less than or
equal to a pre-determined standby voltage (V,,,..5,) thresh-
old value while the IPstage is not providing power to the
power output of the [Pstage in response to a command from
the VR controller, and then exit the stand-by mode by turning
on the at least first portion of the power-consuming circuitry
of'the IPstage when the IPstage receives a command from the
VR controller to provide power to the power output of the
IPstage.

In another respect, disclosed herein is a method of operat-
ing a voltage regulator (VR) system that includes at least one
processing device. The method may include: using the at least
one processing device as a voltage regulator (VR) controller
to control operation of at least one integrated power stage
(IPstage) of the VR system, the IPstage having a separate
IPstage processing device, power-consuming circuitry, and a
power output that is coupled to a bootstrap capacitor; and
using the VR controller to provide signals to the IPstage to
command the [Pstage to selectively provide or not provide
power to the power output of the IPstage. The method may
further include using the IPstage processing device to: moni-
tor voltage on the bootstrap capacitor while the IPstage is
commanded by the VR controller to not provide power to the
power output of the IP stage, enter an [Pstage stand-by mode
by turning off at least a first portion of the power-consuming
circuitry of the IPstage when the monitored voltage of a
coupled bootstrap capacitor becomes less than or equal to a
pre-determined standby voltage (V,,,,.45,) threshold value
while the IPstage is not providing power to the power output
of the IPstage in response to a command from the VR con-
troller, and then exit the stand-by mode by turning on the at
least first portion of the power-consuming circuitry of the
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IPstage when the [Pstage receives a command from the VR
controller to provide power to the power output of the [Pstage.

In another respect, disclosed herein is a voltage regulator
(VR) system, including: at least one integrated power stage
(IPstage) including an [Pstage processing device, power-con-
suming circuitry, and a power output coupled to a bootstrap
capacitor; and at least one processing device configured as a
VR system controller coupled to control the IPstage to selec-
tively provide or not provide power to the power output of the
IPstage. The IPstage processing device may be configured to:
monitor voltage on the bootstrap capacitor while the [Pstage
is controlled by the VR controller to not provide power to the
power output of the IP stage, enter an [Pstage stand-by mode
by turning off at least a first portion of the power-consuming
circuitry of the IPstage when the monitored voltage of a
coupled bootstrap capacitor becomes less than or equal to a
pre-determined standby voltage (V. .5,) threshold value
while the IPstage is controlled to not provide power to the
power output of the IPstage by the VR controller, and then exit
the stand-by mode by turning on the at least first portion of the
power-consuming circuitry of the IPstage when the [Pstage is
controlled by the VR controller to provide power to the power
output of the [Pstage.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a VR smart power stage footprint accord-
ing to one exemplary embodiment of the disclosed methods
and systems.

FIG. 2 illustrates a block diagram of a conventional smart
power stage.

FIG. 3 illustrates a VR configuration according to one
exemplary embodiment of the disclosed methods and sys-
tems.

FIG. 4 is a plot of boot voltage levels according to one
exemplary embodiment of the disclosed methods and sys-
tems.

FIG. 5 illustrates a block diagram of a multi-phase VR
system according to one exemplary embodiment of the dis-
closed methods and systems.

FIG. 6 illustrates a flowchart of methodology that may be
employed to enter and exit [Pstage stand-by mode operation
according to one exemplary embodiment of the disclosed
methods and systems.

FIG. 7 illustrates a flowchart of methodology that may be
employed to enter and exit [Pstage hibernate mode operation
according to one exemplary embodiment of the disclosed
methods and systems.

FIG. 8illustrates state transition between [Pstage operation
modes according to one exemplary embodiment of the dis-
closed methods and systems.

DESCRIPTION OF ILLUSTRATIVE
EMBODIMENTS

FIG. 1 illustrates the footprint of a VR smart power stage
(IPstage) 200 that may be implemented in one exemplary
embodiment of the disclosed methods and systems using
MOSFET RDS(on) current sensing calibration with [Pstage
type identification (e.g., vendor or supplier’s ID) recognition.
As shown in FIG. 1, [Pstage 200 is an integrated circuit chip
that includes a MOSFET driver circuit 202, high-side MOS-
FET circuit 204, and low-side MOSFET circuit 206. As
shown, [Pstage 200 includes a power device identification pin
208, and in this embodiment MOSFET RDS(on) current-
sense, calibration and vendor ID recognition may be inte-
grated in this one [Pstage power stage device 200. A smart
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IPstage may also include integrated processing device logic
(e.g., such as a driver logic module 252 of FIG. 5) that is
capable of executing one or more tasks of [Pstage 200.

Examples of advantages that may be offered by such an
IPstage configuration include, but are not limited to, poten-
tially higher efficiency due to reduction of switching/ringing/
PCB layout loss and free usage of inductors with lower DCR;
more accurate CPU load current monitoring (e.g., such as
Intel Imon) due to stronger signal level and embedded cali-
bration; easier printed circuit board (PCB) layout due to more
integration and thus higher VR density may be achieved;
better noise immunity due to significantly larger signal-noise-
ratio and executable logic or algorithm inside the [Pstage
which may be used to avoid switching noise; and better tem-
perature compensation since internal FET junction tempera-
ture may be measured instead of PCB temperature.

FIG. 2 illustrates a block diagram of a conventional smart
IPstage 250 that is not configured with the disclosed reduced
power IPstage operating mode architecture. In this embodi-
ment, [Pstage 250 includes modules that consume power
when a VR system is lightly or very lightly loaded. These
modules include driver logic module 252, high frequency
current sense/calibration module 254, and half-bridge power
MOSFETs module 256 (including high side and low side
FETs).

FIG. 3 illustrates a typical VR configuration 300 with
detailed FET driver block diagram. Supplies VCC and PVCC
provide bias supplies for inside control circuit and low-side
(LS) MOSFET drive circuitry 2025 respectively. As shown,
IPstage 200 of FIG. 3 includes a voltage input (V) to receive
input power and a voltage output (V ;1) that provides regu-
lated voltage as output power to an electrical load (R, ., ) Via
IPstage power output path that includes output inductor L,
and output capacitor C,, as shown. The bootstrap capacitor
(Cboot) supplies the gate charge of high-side (HS) MOSFET
204 and powers the level shift circuitry 370 inside the driver
logic circuit 302 which may be at least partially implemented
by, for example, an integrated processing device of each
IPstage 200. The voltage (Vboot) on the boot capacitor is
maintained by being charged when LS FET 206 is turned on.

In this embodiment there is no switching action when the
IPstage 200 stays in standby mode corresponding to tri-state
of PWM signal, and the bootstrap capacitor is discharged by
the leakage current of gate driver circuitry, e.g., implemented
by individual MOSFETSs shown in FIG. 3 that are coupled to
drive the gate (GH) of high side MOSFET HFET and to drive
the gate (GL) of low side MOSFET LFET. The voltage on the
boot capacitor will continue to drop until the voltage is
clamped to the voltage (PVCC-Vsd-Vout), where Vsd is the
diode voltage drop across the internal boot switch. The volt-
age (PVCC-Vsd-Vout) may be below a normal operating bias
range, depending on how high the Vout and Vsd are. In such
a circumstance, LS FET 206 is needed to turn on with a
prescheduled pattern to charge the boot capacitor to maintain
the boot voltage (Vboot) within a certain voltage range, as
shown by charging current path arrows 380 in FIG. 3. As
shown, driver circuit and Vboot refresh path 302 also includes
Vboot monitor and standby execution circuit 310 that is con-
figured to monitor Vboot level and to activate [Pstage standby
mode as further described herein. Driver circuit and Vboot
refresh path 302 also includes IPstage deep sleep (or hiber-
nate) mode activation and deactivation circuit 312 that is
configured to operate as described further herein.

FIG. 4 is a plot of boot voltage levels illustrating one
exemplary embodiment of a boot voltage refresh scheme 400
that may be optionally implemented to prevent occurrence of
a short-thru when insufficient Vboot voltage exists, i.e., since
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a certain level bias is required by HS FET drive shift logic
202a. In this embodiment, if the boot voltage (Vboot) on the
boot capacitor is found to be lower than a preset minimum
Vboot threshold (VbootMin), the LSFET 206 is pulsed on by
boot refresh control circuitry 360. If the boot voltage (Vboot)
on the boot capacitor hits a preset maximum threshold (e.g.,
VbootMax such as PVCC or other suitable value), LSFET is
turned oft by boot refresh control circuitry 360. In order to
reduce negative current in inductor Lo, gate drive pulse width
of LSFET 206 may be optionally controlled.

In one embodiment, the voltage level on the boot capacitor
inside the FET driver may be used as an indication for an
inactive mode of an IPstage phase by allowing the boot
capacitor voltage to be maintained in a standby mode that is
lower than that of the boot capacitor voltage when the [Pstage
is operating in a normal operation mode. In this way, it is
possible to use the real time Vboot voltage level of a specific
IPstage phase to determine whether the IPstage is operating in
a standby mode or a dynamic active mode. As shown in FIG.
4, Vboot monitor and standby execution circuit 310 is con-
figured to monitor Vboot and to activate standby [Pstage
mode when Vboot reaches a standby Vboot threshold
(VStandBYy), e.g., due to leakage current during tri-state when
HSFET 204 and LSFET 206 are both turned off. In order to
distinguish standby and normal dynamic operation modes of
an [Pstage (e.g., CPU step down), the current sense/calibra-
tion circuit 254 may not be turned off right after an [Pstage
phase drop event, e.g., instead may be configured to turn off
after a pre-selected time delay period of from about 5 us to
about 10 us which represents a few switching cycles, or any
suitable shorter or longer time value. Such a time delay period
may be selected considering a desired size of timer and/or to
achieve quicker transition to standby IPstage mode.

FIG. 5 illustrates one exemplary embodiment of a multi-
phase VR system 500 as it may be implemented with multiple
IPstages 200, to 200, coupled to at least one processing
device configured as a digital VR controller 502. As shown in
FIG. 5, each IPstage 200 has a high frequency current sense/
calibration module 254 and a half-bridge power module 256
that are controlled by driver logic module 252. In this embodi-
ment, half-bridge power module 256 of each given [Pstage
200 may be configured to implement high-side MOSFET
circuit 204 and low-side MOSFET circuit 206 for that given
IPstage 200, while high frequency calibration module 254 of
each given IPstage 200 may be configured with current sens-
ing circuitry (e.g., such as MOSFET RDS(on) current-sense
circuitry or current mirrors), as well as calibration circuitry
such as tuning temperature coupling coefficient, current sense
gain and offset circuitry, e.g., such as described in U.S. patent
application Ser. No. 14/449,949, filed Aug. 1, 2014, which is
incorporated herein by reference in its entirety. Each of
IPstages 200 has an individual power output 390 that is
coupled to provide output voltage (V .- and output current
from the half-bridge power module 256 to the VR system
power output 392 as shown. System power output 392 may be
coupled in one embodiment to electrical load 394 such as a
system load (e.g., processing devices, cooling fans, memory
devices, storage devices, etc.) of an information handling
system, such as server, desktop computer, notebook com-
puter, etc.

In the embodiment of FIG. 5, each of IPstages 200, to 200,,
also includes Vboot monitor and standby execution logic
circuit 310 as well as hibernate mode activation and deacti-
vation logic circuit 312 in addition to the other modules 252,
254 and 256 of the [Pstage 250 of FIG. 2. In this embodiment,
digital VR controller 502 may be configured to be capable of
managing standby and/or hibernate modes of [Pstage/s 200.
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Further information on VR systems and digital VR controllers
may be found in U.S. Pat. No. 7,999,520 and in U.S. patent
application Ser. No. 13/768,357, filed Feb. 15, 2013, each of
which is incorporated herein by reference in its entirety. In
one exemplary embodiment, digital VR controller 502 may
include a power device identification module that is config-
ured to recognize the identity (e.g., source vendor or supplier
of'particular IPstage, IPstage model number, [Pstage lot num-
ber, [Pstage date code or other code and/or other identifier
information for the particular type of installed IPstage, etc.)
of'each specific type of [Pstage 200, to 200, via a respective
power device identification pin signal 208, to 208, that is
indicative of the given IPstage identity and that is provided
from an ID recognition module of the IPstage (e.g., such as
through setting different voltage levels) that may be inte-
grated into each of IPstages 200.

In the embodiment of FIG. 5, Vboot monitor and standby
execution circuit 310 may be configured to monitor voltage
across the boot capacitor and to compare the monitored boot
capacitor voltage to a predetermined VStandBy voltage
threshold to determine when the boot capacitor voltage
equals or drops below the VStandBy voltage threshold. Such
aVStandBy voltage threshold may in one embodiment be, for
example, about 4.5V or any other suitable greater or lesser
voltage value in other embodiments. Upon determination that
the boot capacitor voltage is equal or below the VStandBy
voltage threshold, Vboot monitor and standby execution cir-
cuit 310 may be configured to place its IPstage 200 into
IPstage standby mode by turning oft a portion or all features
ot'high frequency current sense/calibration module 254. Still
referring to FIG. 5, hibernate mode activation and deactiva-
tion logic circuit 312 may include a power device identifica-
tion detector circuit and a driver logic interface 311 with
driver logic module 252, and may be configured to activate an
IPstage hibernate (deep sleep) mode in response to a control
signal received from VR controller 502, e.g., based on a host
information handling system standby command received by
VR controller 502.

FIG. 6 is a flow chart illustrating one exemplary embodi-
ment of methodology 600 that may be employed to enter and
exit [Pstage stand-by mode operation for one or more indi-
vidual IPstage/s 200 of FIG. 5. As shown in FIG. 6, a given
IPstage 200 receives a phase shedding command in step 602
from digital VR controller 502 which may occur in response
to reduced information handling system load. An integrated
processing device (e.g., executing driver logic module 252)
within the given IPstage 200 responds in step 604 by turning
off its HS and LS FETs of half-bridge power module 256 to
drop the given IPstage 200 and enter the [Pstage operating
mode, during which the IPstage 200 uses its Vboot monitor
and standby execution circuit 310 (e.g., also executed by
IPstage integrated processing device) to start monitoring boot
capacitor voltage in step 606. Once boot voltage is detected
by circuit 310 in step 608 to drop to be equal or below the
predetermined VStandBy voltage threshold while in PWM
tri-state mode, then Vboot monitor and standby execution
circuit 310 turns off current-sense and calibration circuitry
features of circuit module 254 and sets the IPstage driver 252
in standby mode in step 610. Meanwhile, in step 612 optional
boot voltage refresh scheme previously described is imple-
mented to maintain boot voltage in the desired refresh range
as indicated in FIG. 4.

As further shown in FIG. 6, VR controller may monitor
system load status and continue optional bootstrap refresh
step 612 as shown until [Pstage standby mode is exited when
PWM signal status is changed from tri-state to high or low
such as when VR controller 502 detects in step 614 that a
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system load step up event has occurred that now requires the
dropped IPstage 200, and digital VR controller 502 sends a
wakeup signal in step 616 to the dropped IPstage 200. In step
616, VR controller 502 may also estimate inductor current at
this time since [Pstage current sense is still not settled at this
point. Inresponse, [Pstage driver 252 and the internal current-
sensing and calibration circuits of module 254 of the dropped
IPstage 200 begin to wake up in step 618, and high side (HS)
and low side (LS) FETs of half-bridge power module 256 are
turned on when IPstage 200 wakes up. In step 618, module
254 restarts real-time phase current monitoring again after an
optional settling time, e.g., from about 3 us to about 5 us, or
other suitable greater or lesser time to allow for accurate
output values. Real-time [Pstage phase current may be esti-
mated in one embodiment by digital VR controller 502 during
this settling time. In this regard, inductor current is zero after
the IPstage driver 252 and high side/low side FETS of half-
bridge power module 256 are turned off in step 610. When
digital VR controller 502 sends a wakeup signal (e.g., PWM)
in step 616 to the shedded IPstage 200, VR controller 502
knows the high side FET ON time and low side FET ON time
as well as Vout, Vin and L, inductance value. From this
information, inductor current profile may be iteratively cal-
culated in one exemplary embodiment by VR controller 502
using the following two equations (e.g., for the exemplary
embodiment of FIG. 3 based on [Pstage Vout and Vin):

1
Al () = Z(Vin —Vou) X1

1
Al () = - 7 Vour X1

in which:

Al,, is inductor current change from the previous induc-
tor current during a given high side FET “on” time;

Al , is inductor current change from previous inductor
current during a given low side FET on time;

t is duration of the present PWM high or low cycle;

L is inductance of inductor L.

Itwill be understood that one or more [Pstage phases 200 of
a VR system may be controlled to enter and/or exit an [Pstage
standby operation mode while other [Pstage phases 200 con-
tinue operating in non-standby active regulation operation
mode, e.g., as needed to tailor VR system power supply
capacity to changing load and/or power shedding.

FIG. 7 is a flow chart illustrating one exemplary embodi-
ment of methodology 700 that may be employed to enter and
exit [Pstage hibernate mode for one or more individual
IPstage phases 200, e.g., when multi-phase VR system 500 is
employed to power an information handling system such as a
server. It will be understood that one or more IPstage phases
200 of a VR system may be controlled to enter and/or exit an
IPstage hibernation mode while other IPstage phases 200
remain in non-hibernating active regulation operation mode,
e.g., as needed to tailor VR system power supply capacity to
changing information handling system load, status and/or
state.

In the exemplary embodiment of FIG. 7, an [Pstage hiber-
nate mode may be initiated by VR controller 502 in response
to receipt of particular command/s from a host system CPU
processor or other detection of change in information han-
dling system operation load, status and/or state. Examples of
information handling system events that may be used to trig-
ger entry into IPstage hibernate mode include, but are not
limited to: 1) Digital VR controller 502 receives a micropro-
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cessor power state PS3 or PS4 command in step 704; 2)
PMBus command optimal light load configuration in step 702
(e.g., where lower power CPU requires fewer operating
IPstage phases); 3) system ACPI S3, S4 or S5 entry in step
706; it being understood that occurrence of other additional
and/or alternative conditions may be utilized to initiate an
IPstage hibernate mode for a given [Pstage/s 200. As shown in
FIG. 7, digital VR controller 502 may initiate the [Pstage
hibernate mode for a given [Pstage 200 in step 708 by pro-
viding a hibernation activation signal to the [Pstage 200. Such
a hibernation activation signal may be any suitable separate
signal that is recognized by the IPstage for initiating hiberna-
tion mode. In one exemplary embodiment, a digital VR con-
troller 502 may initiate the [Pstage hibernate mode by pulling
its corresponding device ID interface 208 low, a condition
which is detected by the given [Pstage 200 in step 710 (e.g.,
by an integrated processing device within [Pstage 200). The
given IPstage 200 (e.g., using hibernate mode activation and
deactivation logic circuit 312 executed by an integrated pro-
cessing device within [Pstage 200) may respond by entering
the IPstage hibernate mode in step 712, in this case turning off
all IPstage circuits except top level enable signal (EN) and ID
logic so as to continue monitoring device 1D interface 208
once [Pstage hibernate mode is set, and by disabling Vboot
refresh so that the boot capacitor is not refreshed during the
duration of the IPstage hibernate mode.

Still referring to FIG. 7, methodology 700 may exit the
IPstage hibernate mode when digital VR controller 502
receives particular command/s from a host system CPU pro-
cessor or other detection of change in information handling
system state such as: 1) Digital VR controller 502 receives a
microprocessor power state PS0, PS1, or PS2 command in
step 716; 2) PMBus command optimal configuration scenario
change (e.g., to heavier load) in step 714; 3) system ACPIS3,
S4 or S5 exit in step 718; it being understood that occurrence
of other additional and/or alternative conditions may be uti-
lized to exit an IPstage hibernate mode. As shown in FIG. 7,
digital VR controller 502 may initiate exit of the [Pstage
hibernate mode for a given [Pstage 200 by providing a hiber-
nation deactivation signal to the [Pstage 200. Such a hiberna-
tion deactivation signal may be any suitable separate signal
that is recognized by the IPstage for initiating hibernation
mode. For example, in one exemplary embodiment, a digital
VR controller 502 may initiate the [Pstage hibernate mode by
releasing its corresponding device ID interface 208 high in
step 720. The given [Pstage 200 (e.g., using hibernate mode
activation and deactivation logic circuit 312 executed by an
integrated processing device within [Pstage 200) may then
detect high voltage level on the device ID interface 208 in step
724 and respond by waking up and returning to active regu-
lation in step 726.

It will be understood that communication between digital
VR controller 502 and each given [Pstage 200 may be imple-
mented in different ways. For example, as described above,
device ID pin 208 can be used to implement bi-directional
communication between VR controller 502 and a given
IPstage 200. In such an embodiment, [Pstage ID may be read
and recognized by digital controller 502 during initialization,
in this case IPstage 200 is an ID signal sender while digital
controller 502 is an ID signal receiver. After initialization,
digital controller 502 may be configured to change to a hiber-
nate mode signal sender while each given IPstage 200
becomes a hibernate mode signal receiver, with VR controller
502 having an individual ID pin 208 for each IPstage phase
200. However, any other suitable manner of signal commu-
nication between VR controller 502 and [Pstage phases 200
may be employed.
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FIG. 8 illustrates one exemplary embodiment 800 of state
transition between IPstage operation modes for a given
IPstage phase 200 of a multi-phase VR system 500, e.g., such
as described above in relation to FIGS. 6 and/or 7. As shown,
the given [Pstage phase 200 enters [Pstage standby mode 804
from active regulation mode 802 when Vboot voltage reaches
the preset or predetermined VStandBy threshold. In one
example about 75 mW of power per stage is saved compared
to power consumption during active regulation mode 802,
although power savings may be more or less depending on the
specific circuit and/or system configuration of a given
embodiment. When entry criteria for [Pstage hibernate mode
is met (e.g., light configuration, digital VR receives micro-
processor PS3 or PS4 command; ACPI S3, S4 or S5 Entry),
the given IPstage 200 is forced into IPstage hibernate mode
808, e.g., saving an additional 5 mW of power per stage as
compared to power consumption during stand-by mode 804,
although power savings may be more or less depending on the
specific circuit and/or system configuration of a given
embodiment. IPstage 200 exits hibernate mode 808 and
enters wakeup transition mode 806 when exit criteria is met
(e.g., configuration increase, digital VR receives micropro-
cessor PS0, PS1 or PS2 command; ACPI S3, S4 or S5 Exit)
when system operation status is changed as shown. Then,
after an optional pre-specified time (e.g. such as from about 1
ms to about 2 ms or other suitable greater or lesser time),
IPstage 200 then transitions to active operation mode 802.
Similarly, in this embodiment, [Pstage standby mode 804
may be directly exited to active regulation mode 802 when
PWM signal becomes active high, such as when more active
IPstage phases 200 are needed for operation of VR system
500.

It will be understood that the particular number and
sequence of steps of methodologies 600 and 700 (as well as
the particular number and relation of state transitions between
IPstage operation modes of FIG. 8) are exemplary only, and
that any other combination and/or sequence of fewer, addi-
tional, and/or alternative steps or state transitions that are
suitable for improving efficiency of smart [Pstages of multi-
phase VR systems while operating under relatively light,
ultra-light, or partial or reduced loads for a VR system.

It will be understood that one or more of the tasks, func-
tions, or methodologies described herein (e.g., including
those described for VR controller 502 and/or driver logic
module or processing device of a given [Pstage 200) may be
implemented by circuitry and/or by a computer program of
instructions (e.g., computer readable code such as firmware
code or software code) embodied in a non-transitory tangible
computer readable medium (e.g., optical disk, magnetic disk,
non-volatile memory device, etc.), in which the computer
program comprising instructions are configured when
executed (e.g., executed on a processing device of an infor-
mation handling system such as CPU, controller, microcon-
troller, processor, microprocessor, FPGA, ASIC, or other
suitable processing device) to perform one or more steps of
the methodologies disclosed herein. A computer program of
instructions may be stored in or on the non-transitory com-
puter-readable medium accessible by an information han-
dling system for instructing the information handling system
to execute the computer program of instructions. The com-
puter program of instructions may include an ordered listing
of'executable instructions for implementing logical functions
in the information handling system. The executable instruc-
tions may comprise a plurality of code segments operable to
instruct the information handling system to perform the meth-
odology disclosed herein. It will also be understood that one
or more steps of the present methodologies may be employed
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in one or more code segments of the computer program. For
example, a code segment executed by the information han-
dling system may include one or more steps of the disclosed
methodologies.

For purposes of this disclosure, an information handling
system may include any instrumentality or aggregate of
instrumentalities operable to compute, calculate, determine,
classify, process, transmit, receive, retrieve, originate, switch,
store, display, communicate, manifest, detect, record, repro-
duce, handle, or utilize any form of information, intelligence,
or data for business, scientific, control, or other purposes. For
example, an information handling system may be a personal
computer (e.g., desktop or laptop), tablet computer, mobile
device (e.g., personal digital assistant (PDA) or smart phone),
server (e.g., blade server or rack server), a network storage
device, or any other suitable device and may vary in size,
shape, performance, functionality, and price. The information
handling system may include random access memory
(RAM), one or more processing resources such as a central
processing unit (CPU) or hardware or software control logic,
ROM, and/or other types of nonvolatile memory. Additional
components of the information handling system may include
one or more disk drives, one or more network ports for com-
municating with external devices as well as various input and
output (I/O) devices, such as a keyboard, a mouse, touch
screen and/or a video display. The information handling sys-
tem may also include one or more buses operable to transmit
communications between the various hardware components.

While the invention may be adaptable to various modifi-
cations and alternative forms, specific embodiments have
been shown by way of example and described herein. How-
ever, it should be understood that the invention is not intended
to be limited to the particular forms disclosed. Rather, the
invention is to cover all modifications, equivalents, and alter-
natives falling within the spirit and scope of the invention as
defined by the appended claims. Moreover, the different
aspects of the disclosed systems and methods may be utilized
in various combinations and/or independently. Thus the
invention is not limited to only those combinations shown
herein, but rather may include other combinations.

What is claimed is:
1. A system, comprising:
at least one integrated power stage (IPstage) comprising an
IPstage processing device, power-consuming circuitry,
and a power output;
where the power output of the IPstage is configured to be
coupled to a bootstrap capacitor;
where the [Pstage is configured to be coupled to receive
signals from a separate processing device configured as
a voltage regulator (VR) controller that command the
IPstage to selectively provide or not provide power to the
power output of the [Pstage; and
where the [Pstage processing device is configured to:
monitor voltage on the bootstrap capacitor while the
IPstage is commanded by a coupled VR controller to
not provide power to the power output of the IP stage,
enter an [Pstage stand-by mode by turning off at least a
first portion of the power-consuming circuitry of the
IPstage when the monitored voltage of a coupled
bootstrap capacitor becomes less than or equal to a
pre-determined standby voltage (V,,,,45,) threshold
value while the IPstage is not providing power to the
power output of the [Pstage in response to a command
from the VR controller, and
then exit the stand-by mode by turning on the atleast first
portion of the power-consuming circuitry of the
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IPstage when the IPstage receives a command from
the VR controller to provide power to the power out-
put of the IPstage.
2. The system of claim 1, where the power-consuming
circuitry of the IPstage comprises at least one of current sense
circuitry configured to sense output current from the [Pstage
power output, half-bridge power circuitry configured to pro-
vide output power to the IPstage power output, gate driver
circuitry configured to drive the half-bridge power circuitry,
or a combination thereof.
3. The system of claim 1, where the [Pstage processing
device is configured to:
monitor voltage on the bootstrap capacitor while the
IPstage is commanded by the VR controller to not pro-
vide power to the power output of the IP stage; and

control at least a second portion of the power-consuming
circuitry of the IPstage to supply current to the bootstrap
capacitor to increase voltage on the bootstrap capacitor
when the monitored voltage of the bootstrap capacitor
becomes less than or equal to a pre-determined refresh
voltage (Vs threshold value while the IPstage pro-
cessing device is not providing power to the power out-
put of the IPstage;

where the Y, a4, threshold value is less than the V. 5,

threshold value.

4. The system of claim 3, where the [Pstage processing
device is configured to:

control the at least second portion of the power-consuming

circuitry of the IPstage to supply current to the bootstrap
capacitor to increase voltage on the bootstrap capacitor
when the monitored voltage of the bootstrap capacitor
becomes less than or equal to a pre-determined refresh
voltage (Vs threshold value while the IPstage pro-
cessing device is not providing power to the power out-
put of the IPstage; and

then control the at least second portion of the power-con-

suming circuitry of the [Pstage to stop supplying current
to the bootstrap capacitor when the monitored voltage of
the bootstrap capacitor increases to greater than or equal
to pre-determined maximum Vboot Refresh (V1)
threshold value while the IPstage processing device is
not providing power to the power output of the [Pstage.

5. The system of claim 3, where the IPstage is further
configured to receive a hibernation activation signal from the
VR controller controller; and where the IPstage processing
device is configured to respond to the hibernation activation
signal and enter an IPstage hibernation mode by turning off at
least the second portion of the power-consuming circuitry of
the IPstage in addition to the first portion of the power-
consuming circuitry of the IPstage such that the bootstrap
capacitor is not refreshed during the duration of the [Pstage
hibernation mode.

6. The system of claim 5, where the IPstage is further
configured to receive a hibernation deactivation signal from
the VR controller controller; and where the [Pstage process-
ing device is configured to respond to the hibernation deacti-
vation signal and exit the IPstage hibernation mode to an
active power regulation mode by turning on the first and
second portions of the power-consuming circuitry of the
IPstage.

7. The system of claim 6, where the [Pstage is configured to
be coupled to the VR controller by a bi-directional power
device identification signal path that is configured to commu-
nicate signals between the [Pstage and the VR controller that
are indicative of the identity of the IPstage; and where the
IPstage is further configured to recognize a first signal on the
power device identification signal path from the VR control-
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ler controller as the hibernation activation signal; and to rec-
ognize a second signal on the power device identification
signal path from the VR controller controller as the hiberna-
tion deactivation signal.

8. The system of claim 3, where the at least first portion of
the power-consuming circuitry comprises the current sense
circuitry; where the at least second portion of the power-
consuming circuitry of the IPstage of the IPstage comprises at
least a portion of half-bridge power circuitry configured to
provide output power to the IPstage power output; and where
the IPstage processing device is configured to control the at
least a portion of the half-bridge power circuitry of the
IPstage to supply current to the bootstrap capacitor to
increase voltage on the bootstrap capacitor when the moni-
tored voltage of the bootstrap capacitor becomes less than or
equal to the pre-determined refresh voltage (V,,,,1z,,) thresh-
old value while the IPstage processing device is not providing
power to the power output of the [Pstage.

9. A method of operating a voltage regulator (VR) system
that includes at least one processing device, comprising:

using the at least one processing device as a voltage regu-

lator (VR) controller to control operation of at least one
integrated power stage (IPstage) of the VR system, the
IPstage having a separate [Pstage processing device,
power-consuming circuitry, and a power output that is
coupled to a bootstrap capacitor;

using the VR controller to provide signals to the IPstage to

command the IPstage to selectively provide or not pro-

vide power to the power output of the IPstage; and

using the [Pstage processing device to:
monitor voltage on the bootstrap capacitor while the
IPstage is commanded by the VR controller to not
provide power to the power output of the IP stage,
enter an [Pstage stand-by mode by turning off at least a
first portion of the power-consuming circuitry of the
IPstage when the monitored voltage of a coupled
bootstrap capacitor becomes less than or equal to a
pre-determined standby voltage (V,,,,45,) threshold
value while the IPstage is not providing power to the
power output of the [Pstage in response to a command
from the VR controller, and
then exit the stand-by mode by turning on the atleast first
portion of the power-consuming circuitry of the
IPstage when the IPstage receives a command from
the VR controller to provide power to the power out-
put of the IPstage.
10. The method of claim 9, where the power-consuming
circuitry of the IPstage comprises at least one of current sense
circuitry configured to sense output current from the [Pstage
power output, half-bridge power circuitry configured to pro-
vide output power to the IPstage power output, gate driver
circuitry configured to drive the half-bridge power circuitry,
or a combination thereof.
11. The method of claim 9, further comprising using the
IPstage processing device to:
monitor voltage on the bootstrap capacitor while the
IPstage is commanded by the VR controller to not pro-
vide power to the power output of the IP stage; and

control at least a second portion of the power-consuming
circuitry of the IPstage to supply current to the bootstrap
capacitor to increase voltage on the bootstrap capacitor
when the monitored voltage of the bootstrap capacitor
becomes less than or equal to a pre-determined refresh
voltage (Y ,,..0,) threshold value while the IPstage pro-
cessing device is not providing power to the power out-
put of the IPstage;
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where the V1, threshold value is less than the V. 5,

threshold value.

12. The method of claim 11, further comprising using the
IPstage processing device to:

control the at least second portion of the power-consuming

circuitry of the IPstage to supply current to the bootstrap
capacitor to increase voltage on the bootstrap capacitor
when the monitored voltage of the bootstrap capacitor
becomes less than or equal to a pre-determined refresh
voltage (Y ;. o:a5,) threshold value while the IPstage pro-
cessing device is not providing power to the power out-
put of the IPstage; and

then control the at least second portion of the power-con-

suming circuitry of the [Pstage to stop supplying current
to the bootstrap capacitor when the monitored voltage of
the bootstrap capacitor increases to greater than or equal
to pre-determined maximum Vboot Refresh (V1)
threshold value while the IPstage processing device is
not providing power to the power output of the [Pstage.
13. The method of claim 11, further comprising providing
a hibernation activation signal from the VR controller con-
troller to the IPstage; and using the IPstage processing device
to respond to the hibernation activation signal and enter an
IPstage hibernation mode by turning off at least the second
portion of the power-consuming circuitry of the [Pstage in
addition to the first portion of the power-consuming circuitry
of the IPstage such that the bootstrap capacitor is not
refreshed during the duration of the IPstage hibernation
mode.
14. The method of claim 13, further comprising providing
a hibernation deactivation signal from the VR controller con-
troller to the IPstage; and using the IPstage processing device
to respond to the hibernation deactivation signal and exit the
IPstage hibernation mode to an active power regulation mode
by turning on the first and second portions of the power-
consuming circuitry of the IPstage.
15. The method of claim 14, where the IPstage is coupled
to the VR controller by a bi-directional power device identi-
fication signal path; and where the method further comprises:
communicating signals between the [Pstage and the VR
controller that are indicative of the identity of the
IPstage; and

providing a first signal on the power device identification
signal path from the VR controller controller to the
IPstage as the hibernation activation signal; and

providing a second signal on the power device identifica-
tion signal path from the VR controller controller to the
IPstage as the hibernation activation signal.

16. The system of claim 11, where the at least first portion
of'the power-consuming circuitry comprises the current sense
circuitry; where the at least second portion of the power-
consuming circuitry of the IPstage of the IPstage comprises at
least a portion of half-bridge power circuitry configured to
provide output power to the IPstage power output; and where
the method further comprises using the IPstage processing
device to control the at least a portion of the half-bridge power
circuitry of the IPstage to supply current to the bootstrap
capacitor to increase voltage on the bootstrap capacitor when
the monitored voltage of the bootstrap capacitor becomes less
than or equal to the pre-determined refresh voltage (V15
threshold value while the IPstage processing device is not
providing power to the power output of the [Pstage.

17. A voltage regulator (VR) system, comprising:

at least one integrated power stage (IPstage) comprising an

IPstage processing device, power-consuming circuitry,
and a power output coupled to a bootstrap capacitor;
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at least one processing device configured as a VR system
controller coupled to control the IPstage to selectively
provide or not provide power to the power output of the
IPstage; and
where the [Pstage processing device is configured to:
monitor voltage on the bootstrap capacitor while the
IPstage is controlled by the VR controller to not pro-
vide power to the power output of the IP stage,
enter an [Pstage stand-by mode by turning off at least a
first portion of the power-consuming circuitry of the
IPstage when the monitored voltage of a coupled
bootstrap capacitor becomes less than or equal to a
pre-determined standby voltage (V,,,4s,) threshold
value while the IPstage is controlled to not provide
power to the power output of the [Pstage by the VR
controller, and
then exit the stand-by mode by turning on the atleast first
portion of the power-consuming circuitry of the
IPstage when the IPstage is controlled by the VR
controller to provide power to the power output of the
IPstage.
18. The system of claim 17, where the IPstage processing
device is configured to:
monitor voltage on the bootstrap capacitor while the
IPstage is commanded by the VR controller to not pro-
vide power to the power output of the IP stage; and
control at least a second portion of the power-consuming
circuitry of the IPstage to supply current to the bootstrap
capacitor to increase voltage on the bootstrap capacitor
when the monitored voltage of the bootstrap capacitor
becomes less than or equal to a pre-determined refresh
voltage (V,,,.mz,) threshold value while the IPstage pro-
cessing device is not providing power to the power out-
put of the IPstage;
where the V,, 1, threshold value is less than the V., 5,
threshold value.
19. The system of claim 18, where the IPstage processing
device is configured to:
control the at least second portion of the power-consuming
circuitry of the IPstage to supply current to the bootstrap
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capacitor to increase voltage on the bootstrap capacitor
when the monitored voltage of the bootstrap capacitor
becomes less than or equal to a pre-determined refresh
voltage (V. o:asn) threshold value while the IPstage pro-
cessing device is not providing power to the power out-
put of the IPstage; and
then control the at least second portion of the power-con-
suming circuitry of the [Pstage to stop supplying current
to the bootstrap capacitor when the monitored voltage of
the bootstrap capacitor increases to greater than or equal
to pre-determined maximum Vboot Refresh (V1)
threshold value while the IPstage processing device is
not providing power to the power output of the [Pstage.
20. The system of claim 18, where the VR controller is
further configured to provide a hibernation activation signal
to the IPstage; where the IPstage processing device is config-
ured to respond to the hibernation activation signal and enter
an [Pstage hibernation mode by turning off at least the second
portion of the power-consuming circuitry of the [Pstage in
addition to the first portion of the power-consuming circuitry
of the IPstage such that the bootstrap capacitor is not
refreshed during the duration of the IPstage hibernation
mode; where the VR controller is further configured to pro-
vide a hibernation deactivation signal to the IPstage; and
where the [Pstage processing device is configured to respond
to the hibernation deactivation signal and exit the [Pstage
hibernation mode to an active power regulation mode by
turning on the first and second portions of the power-consum-
ing circuitry of the [Pstage.
21. The system of claim 17, where the VR controller being
configured to:
first control the IPstage to selectively not provide power to
the power output of the IPstage by sending a phase-
shedding command signal to the [Pstage; and
then control the [Pstage to selectively provide power to the
power output of the [Pstage by sending a wakeup com-
mand signal to the [Pstage.

#* #* #* #* #*
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